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Tearing down the spindle
 
isassembly of the mitotic spindle takes some effort, according 
to Kan Cao, Yixian Zheng (Johns Hopkins University, 
Baltimore, MD), and colleagues, who show that an ATPase and 
its binding partners pull apart the spindle.
The spindle is put together by assembly factors that are activated 
by the cyclin-dependent kinase Cdc2. The loss of Cdc2 activity at 
the end of mitosis has thus been the conventional explanation for 
spindle disassembly. “It was thought that dephosphorylation of 
mitotic spindle assembly factors changed microtubule dynamics 
directly and led to the transition into the interphase array,” says 
Zheng. But her group finds that Cdc2 inactivation is not 
enough—another pathway is required to dismantle the spindle.
This pathway is organized by a complex that includes the p97 
AAA-ATPase. The authors suspected p97 involvement because 
loss of its yeast homologue, Cdc48, causes cell cycle arrest and 
leaves spindles partly assembled. The group now shows that 
p97/Cdc48 and its adaptor proteins, Ufd1 and Npl4, take apart 
the spindle by removing proteins that promote its assembly.
At the end of mitosis, p97 was found to bind to XMAP215 
and TPX2—two frog spindle assembly factors—and the spindle-
associated kinase, Plx1. The binding prevented much of XMAP215 
and TPX2 from accumulating on microtubules. In yeast cells, 
Cdc48 targeted similar assembly factors for degradation by the 
proteasome. Without p97/Cdc48 ATPase activity, yeast cells 
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Receptors make a quick exit
 
hen neurons sense a long-term 
need for more glutamate recep-
tors, they make a form that speeds 
through the trafficking network to get 
to the synapse quickly, according to 
results from Yuanyue Mu, Michael 
Ehlers, and colleagues (Duke University, 
Durham, NC).
Regulating the number of synapse-
localized glutamate receptors, including 
those of the NMDAR variety, is one 
major strategy for controlling signaling 
from that synapse. In the short term, 
decreased synaptic activity promotes the 
loss of NMDARs and vice versa. But over 
the long haul, the number of NMDARs 
is up-regulated at quiet synapses.
Ehlers’ group now demonstrates that 
this enduring modification is a result of 
selective mRNA splicing to produce a 
fast-moving NMDAR variety. Preventing 
neuronal firing (with sodium channel 
blockers) increased synaptic NMDARs 
by increasing the proportion of newly 
synthesized NMDAR mRNA (and 
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protein) with a C2
 
 
 
—rather than C2—
tail. Inclusion of the C2
 
 
 
 tail increased the 
number of these receptors at synapses 
because they quickly exited the ER, the 
bottleneck for most secreted proteins, 
thanks to a novel COPII-recruiting signal 
in C2
 
 
 
. In contrast, continuous neuronal 
firing favored production of the slow-
moving C2 variant and thus decreased 
the number of synaptic NMDARs.
NMDAR activity is needed for this 
splicing adjustment. As NMDARs are 
calcium permeable, Ehlers postulates that 
calcium-regulated splicing factors might 
process certain neuronal mRNAs. The 
feedback regulation probably prevents a 
synapse from reaching an absolute maxi-
mum or minimum activity, so that later 
changes in activity can be detected. “It’s 
a countering activity,” says Ehlers. “If a 
synapse keeps getting potentiated, it gets 
to a maximum rate, and further strength-
ening would do no good.”
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More NMDARs (red) get to dendrites if 
they have the C2  ER export signal (top).
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or frog oocytes that had interphase levels of Cdc2 and cyclin B 
were unable to dismantle mitotic spindles. Microtubules remained 
dynamic rather than switching to the stable growth needed for 
interphase array formation.
ATPases related to p97/Cdc48 are chaperones involved in 
protein unfolding. The p97/Cdc48 complex, however, probably 
uses its ATPase activity to extract proteins from the spindle and 
target them for degradation, as it is known to do to membrane-
bound proteins at the ER. 
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Spindle microtubules (red) disassemble into interphase arrays (left) 
unless p97 is missing (right).
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